phenolase function, but not for the catecholase function, is (a) rather unstable towards the fractionation techniques which have been used, so that monophenolase activity is easily lost, and (b) inactive towards monophenol unless o-diphenol is being simultaneously oxidized by the enzyme, so that there is an induction period only relieved either by the slow build up in o-diphenol concentration initiated by spontaneous oxidation, or by the addition of o-diphenol to the system.
The first product of oxidation of monophenol is believedtobethecorrespondingo-diphenol,although the o-diphenol has only been isolated in the case of tyrosine -* dihydroxyphenylalanine (Raper, 1926) . The o-diphenol so formed is then also available as substrate to the enzyme, and may be oxidized to the quinone and beyond in the case of the primary substrates most studied (tyrosine, phenol, p-cresol) to a stage involving a further uptake of oxygen of 1 atom/mol. or more. The composition ofthe reaction mixture thus becomes quite complex with several different reactions proceeding simultaneously, but, in the studies of 'monophenolase' activity so far made, the monophenolase activity has been assessed in terms of the total oxygen uptake in this complex system. Keilin & Mann (1938) first reported the catalyzed oxidation of ascorbic acid in solutions containing tyrosinase and catechol, and Miller & Dawson (1941) have made use of this in their 'chronometric' method for measuring catecholase activity. The presence of ascorbic acid does not affect the catecholase activity of the enzyme, but o-quinone formed is then almost instantaneously reconverted to o-diphenol by the ascorbic acid, and is not detectable in the reaction mixture until all the ascorbic acid has been oxidized. This suggested that a study of the oxidation of monophenols by the enzyme in the presence of ascorbic acid might be of value. Under such conditions o-diphenol might be expected to accumulate, and the reaction mixture to remain uncomplicated by the accumulation of pigmented oxidation products of unknown constitution. The conditions would in fact be suitable for a study of the primary reaction, monophenol -* odiphenol. The present paper describes methods for the estimation of o-diphenol in reaction mixtures containing initially monophenol, tyrosinase and ascorbic acid; and results obtained with these methods in studies of the conversion of monophenol to o-diphenol in the cases oftyrosine, phenol,p-cresol and 4:5-dimethylphenol.* The experiments were carried out in the hope that the data obtained might throw more light on the vexed question of the mechanism of monophenol oxidation by tyrosinase.
METHODS
Enzyme preparation. The enzyme was prepared from the common cultivated mushroom, Psalltiota campedstri8, by the method of Keilin & Mann (1938) . The second fractional adsorption on Ca3(P04)2 in this procedure gave two fractions, the first of which, having Q02 (catechol)t and Q02 (p-cresol) values of c. 70,000 and 35,000, respectively, when freshly prepared, was used in all the experiments described in this paper. It was stored in the refrigerator under toluene, and had been so kept for 2 years when the work was begun. During this time its activity towards p-cresol had decreased by about one third, whilst the activity towards catechol appeared to have remained unchanged.
ACTION OF TYROSINASE ON MONOPHENOLS
Conditions in tyrosinase experiments. The reaction mixtures in all cases contained 0-1M-phosphate buffer (pH 7 0), and the temperature was 250. The reactions were in general carried out in open vessels vigorously aerated by a stream of air for the provision of samples for o-diphenol and ascorbic acid estimation, and in the Warburg manometric apparatus with identical reaction mixtures, using a 2-00 ml. fluid phase and the standard technique, for the measurement Of 02 absorption. In the early experiments, with tyrosine as substrate, excellent agreement was obtained between the 02 requirement calculated to correspond with the changes in ascorbic acid and o-diphenol concentration, and the 02 uptake measured in parallel experiments. Later it was found in certain cases, viz. with phenol as substrate at the highest concentration used (0-1M) and also with 4:5-dimethylphenol at quite low concentrations, that the oxidation of ascorbic acid and formation of o-diphenol was equivalent to a much smaller 02 uptake than was observed in the parallel experiment. The difference could in neither case be attributed to a deficiency in aeration in the open vessel experiment, but, when this difference was observed, a rather persistent froth was always present above the surface of the reaction mixture in the open vessel, and the most likely explanation is that a major fraction of the enzyme was adsorbed in this froth and rendered ineffective by removal from the solution. To overcome this difficulty when it arose, manometric experiments only were carried out, in multiplicate. Individual manometers were removed from the bath at different times after the beginning of the reaction, and their reaction mixtures immediately analyzed for ascorbic acid and o-diphenol.
Composite curves were constructed from the data to show the changes in the reaction mixture with time.
Estimation of o-diphenols
Itwas desired to estimate ascorbic acid aswell as o-diphenol in colourless reaction mixtures containing the corresponding monophenol, tyrosinase, ascorbic acid and 01 m-phosphate buffer. The reaction was always stopped at the appointed time by pipetting a measured sample into an equal volume of 4% metaphosphoric acid and the protein-free filtrate was used for both o-diphenol and ascorbic acid estimations. The following account of methods of o-diphenol estimation refers, therefore, only to estimations in this particular type of filtrate. The standard solutions of o-diphenols, used for the preparation of calibration curves, contained the same amounts of phosphate buffer and metaphosphoric acid as are present in such a ifitrate. In no case was the presence of monophenol found to have any affect on the diphenol estimation. Ascorbic acid was only added to the standard solutions when it was found materially to affect the rate of development of the colour which was the basis of the method of estimation.
A. 3:4-Dihydroxyphenylalanine (DOPA) . Schild (1933) and von Euler (1933) used the red colour developed on oxidation with I, for the colorimetric estimation of adrenaline. Evans & Raper (1937a) found that a similar method could be used for the estimation of DOPA. The method adopted in the present work was essentially that of Evans & Raper, improved by the use of the Spekker photoelectric absorptiometer instead ofvisual colour matching. A calibration curve was first prepared. The solution required for establishing a point on the curve was made by mixing in the order given: (a) 8-0 ml. of standard DOPA solution, (b) 14-0 ml. of 0-5M-phosphate buffer (pH 6-0), (c) 10-0 ml. of 0-192N-NaOH and (d) 3-8 ml. of 01 N-I2. This mixture gave a final pH of 6-0. Ninety seconds after the I2 addition (e) 4-2 ml. of0O1N-Na2S203 were added, and the mixture immediately transferred to the 4 cm. absorptiometer cell.
Absorptiometer readings were taken, with a blue filter (no. 6 of Hilger set H455), at timed intervals for a period of c. 5 min. The red colour remaining in the solution after the Na2S20, addition, due to the presence of DOPA, was found to diminish appreciably in intensity even within this time. The logarithms of the absorptiometer readings were plotted against time after Na2S203 addition, and the linearity of the plot permitted extrapolation back to zero time. By following the same procedure with the enzyme reaction filtrate, using the latter instead of (a) above, a zero-time absorptiometer reading was obtained and the corresponding DOPA concentration read on the calibration curve. The latter covered DOPA concentrations up to 0-20 mg./ml.
When this method of estimation was applied to samples taken at intervals from an aerated reaction mixture containing initially tyrosinase, ascorbic acid and DOPA (0-2 mg./ml.) but no tyrosine, the DOPA concentrations found 0-5, 5, 10, 15, 20, 30, 40, 50, 60 and 70 min. after the beginning of the enzyme reaction were respectively 0-207, 0-207, 0-206, 0-208, 0-206, 0-207, 0-206, 0-207, 0-204 and 0-208 mg./ml. These figures vouch for the reliability of the method, and for the absence of interference by ascorbic acid, the concentration of which fell from 4-0 to 0-2 mg./ml. during the experiment. They also illustrate the efficiency with which ascorbic acid reconverts DOPA quinone into DOPA.
B. Catechol. The molybdate method, used by Rae (1930) for adrenaline estimation and said to be applicable to all catechol derivatives, was considered. The statement of Evans & Raper (1937 a) that ascorbic acid gives a green-blue coloration with the molybdate reagent was discouraging, but trial did not reveal any trace of such coloration, and the following procedure was found to be applicable even in the presence of ascorbic acid. For the determination of a point on a calibration curve a solution was made up by mixing (a) 4-0 ml. of catechol standard solution, (b) 7-0 ml. of 0-5m-phosphate buffer (pH 6-0), (c) 5 0 ml. of 0-192N-NaOH and (d) 2-0 ml. of 20% ammonium molybdate. An absorptiometer reading was taken 20 min. after the molybdate addition, using the 1 cm. cell and filter no. 7 of Hilger set H 455. The colour intensity continues to increase after its first almost instantaneous development, but not so rapidly (e.g. absorptiometer reading increasing from 0-246 at 20 mi.
to 0-261 at 150 min.) as to lead to error, provided that the interval between molybdate addition and absorptiometer reading is kept within the limits of 20-30 min. A calibration curve was constructed covering catechol concentrations up to 0-8 mg./ml. To increase the accuracy of the method at the lower concentrations a second curve was prepared using the 4 cm. absorptiometer cells with doubled volumes of solutions (a) to (d) above. This covered a range up to 0-3 mg./ml. For the estimation of catechol formed from phenol in enzymic reaction mixtures, the metaphosphoric acid filtrates of the latter were used in place of solution (a) in the procedure which has been described. C. Homocatechol (4-methyleatechot). When a beginning was made with the preparation of a calibration curve for this estimation by the procedure used for catechol, it was noticed that the solutions prepared for absorptiometer examination, V01. 44 443 left standing at room temperature for a day or two, increased in colour intensity by a factor of about 3. The possibility of increasing the sensitivity of the estimation by delaying the colour measurement until this increase had reached its maximum was obvious. Ascorbic acid was found not to affect significantly the colour intensity developing within 20 min. ofthe addition ofmolybdate, but it markedly delayed the subsequent increase in colour in such a way as to suggest that the onset of a phase of relatively rapid increase waited upon the exhaustion of the ascorbic acid by spontaneous oxidation. Independently of the amount of ascorbic acid present, the maximum colour finally reached was constant for a given homocatechol concentration and was stable for 2-3 days. For the preparation of the calibration curves finally used, ascorbic acid was added to the standard homocatechol solutions in an amount equal to the maximum to be expected in the enzyme reaction mixtures (4 mg./ml.). The procedure was the same as in the estimation of catechol, but absorptiometer readings were taken 20 min. and 3 hr. after molybdate addition and each day until the maximum colour was attained (not more than 5 days). The filter used was Wlford spectrum violet no. 601 which was found to give readings c. 50 % greater than the filter previously used. Two calibration curves were drawn, one from the 20 min. readings covering concentrations up to 1-5 mg./ml., the other from the maximum readings for concentrations up to 0-3 mg./ml. only. The latter curve was used unless homocatechol concentrations outside its range, giving maximum colours too intense for satisfactory measurement in the absorptiometer, 
RESULTS
Oxidation of tyroaine Couree of oxidation in presence of a8corbic acid. The results were of the type illustratedin Fig. 1 . It will be seen that the observed oxygen uptake was in good agreement with that calculated for the oxidation of ascorbic acid and the formation of DOPA. The lag phase at the beginning of the oxygen-uptake curve corresponds with the lag in the initiation of ascorbic acid oxidation. Since the latter is a secondary oxidation effected by DOPA quinone, as the concentration of DOPA and, therefore, the rate of DOPAquinone formation increases from zero, the rate of ascorbic acid oxidation also increases. In this experiment it reaches a maximal value when the DOPA concentration has reached 0-0005M, and remains almost linear until all the ascorbic acid has been oxidized. The curve in Fig. 1 , showing the changing concentration of DOPA during the experiment, provides no evidence of the occurrence of a lag phase in the oxidation of tyrosine to DOPA. Decline in rate offormation of DOPA. The rate of DOPA accumulation appears to be maximal at the start, and then progressively declines, although the concentration of DOPA continues to increase so long as ascorbic acid is present to prevent its oxidation beyond the reversible DOPA-quinone stage. Since the concentration of the substrate of the primary oxidation (tyrosine: saturated solution with solid phase present) remains constant throughout the experiment, the decline in rate of DOPA formation must be due either to inactivation of enzyme or to inhibition byreaction products, i.e. DOPA or dehydroascorbic acid. In the absence of any other indication of the second ofthese alternatives, the first seems the more probable, the susceptibility of tyrosinase to inactivation during its reactions being widely recognized.
Calculation of Q02 may then be compared with the corresponding curve determined in direct experiments with the enzyme and DOPA; if the two curves coincide, the above interpretation ofevents in the reacting system would be strongly supported. Rate ofDOPA formnation at zero time. In attempting to treat the experimental data in the above way, a primary difficulty is in the satisfactory assessment of the rate of DOPA formation at zero time, before any enzyme inactivation has taken place. For the oxidation of catechol by tyrosinase in the presence of ascorbic acid Miller & Dawson (1941) have shown that the experimental data fit the relationship Q = at/(b + t), where Q is the total substrate which has been oxidized in time t, and a and b are constants, the magnitude of b being determined by the rate of inactivation of the enzyme. The reciprocal of Q plotted against the reciprocal of t gives a straight line, and as the slope of this line is the reciprocal of the initial reaction velocity (dQ/dt for t = 0) the latter may readily be determined with considerable accuracy.
Applying this device in the instance under discussion, it is found that the DOPA-concentration curve during the greater part of the experiment may be represented reasonably well by the expression Q02 of true mnonophenolaae and of the overall reaction.
The initial rate ofDOPA formation in the experiment represented in Fig. 1 , calculated from the reciprocal plot of the DOPA-accumulation curve, was 0-0048 mg./ml./min., which corresponds to a QO, (tl. Fig. 1 after the maximal rate is reached must be ascribed to a fortuitous balance of two opposing factors, viz. the progressive inactivation of the enzyme which would of itself diminish, and the progressive increase in DOPA concentration which would of itself increase, the reaction rate. With continued increase in DOPA concentration above the range of Fig. 2 the reaction preparation, the oxygen uptake followed the curves shown in Fig. 3 Evans & Raper (1937b) . According to the scheme put forward by these authors the primary slow oxidation to DOPA, requiring one atom of oxygen/mol. of tyrosine, is followed by three successive relatively fast reactions, two ofwhich, the conversion of DOPA.. to DOPA quinone, and, after ring closure, the oxidation of 5:6-dihydroxydihydroindole-1-carboxylic acid to its quinone, each require one atom of oxygen. If the secondary reactions are markedly faster than the first reaction, one would then expect the Qo2 for the whole oxidation to be approximately three times the Qo2 Of the isolated primary reaction.
The activity-substrate concentration curve of Fig. 2 shows that the Qo, for DOPA oxidation reaches a value of 230 at a DOPA concentration of c. 0-0002m. During the oxidation of tyrosine by tyrosinase in the absence of ascorbic acid one would, therefore, not expect DOPA to accurmulate beyond this concentration, at which rate of removal would balance rate of formation; and the difficulty experienced by earlier workers (Raper, 1926 ) in attempting to demonstrate DOPA formation by isolation is consequently not surprising.
Oxidation of phenol Rate offormation of catechol in presence of ascorbic acid. The results obtainedwith phenol were, exceptin one respect, qualitatively similar to the results of the tyrosine experiments. The course ofcatechol accumulation at the three phenol concentrations studied is shown in Fig. 4 . The curves provide no evidence of an induction period in the primary oxidation of phenol to catechol. The catechol concentrations which had been built up when the experiments were terminated by the exhaustion of the ascorbic acid were 0-0053M from 0-lM-phenol, 0-0021M from 001M-phenol and 0-00095M from 0-OO1M-phenol, representing a conversion of 5, 21 and 95 % respectively of the substrate initially present. Only in the case of the lowest phenol concentration is the fall in primary substrate concentration during the course of the experiment likely to have been a significant factor in bringing about the slowing down of catechol formation, and the form ofthe catechol accumulation curves at the higher phenol concentrations is attributed to the result of enzyme inactivation. These curves can be represented reasonably well by the equations Q = 2.Ot/(122 + t) and Q = 0-53t/(38 + t); the lines drawn in Fig. 4 are the plots of these equations and show the closeness of fit.
The equations give initial Qo. values for the isolated primary oxidation of 2900 with 0-1 M-and 2400 with 0-01 M-phenol and in other similar experiments figures of 3100 and 2700, respectively, were obtained.
In the experiment with 0-001m-phenol the initial QO, relating to this concentration cannot be judged with confidence because of the rapid fall in substrate concentration. The use of the first two points only of the catechol-accumulation curve by the reciprocal plot method gives a Qo2 Of 1900. When phenol was presented as substrate to the same enzyme preparation in the absence of ascorbic acid, the initial lag in oxygen absorption was much more pronounced and the uptake followed a course such as that shown in Fig. 3 . The maximal rate of oxygen usage, reached after 20 min., corresponds to a Qo2 of 4700, which is of the order of magnitude to be expected if the rate of the primary reaction determines the overall oxygen uptake rate. .KNA without significant effect. But when the relative catechol concentration was reduced to 1/5 there was marked inhibition, and at 1/20 strong inhibition, of the initial oxygen-uptake rate. It must be borne in mind thatin thephenol-containingreactionmixtures the concentration of catechol increases from the moment at which the enzyme is added, owing to the conversion of phenol to catechol by the enzyme. As a result of the increase in catechol concentration and the decrease in phenol concentration, the inhibition might be expected to pass off with time, and that it does so is evident in the curves. concentrations is shown in Fig. 7 . The enzyme concentration was the same as in the experiments with phenol, but the formation of o-diphenol was much faster. With the smaller p-cresol concentrations, the asymptotic approach to complete conversion to homocatechol is apparent and even with O-O1M-pcresol 64 % conversion had taken place in 40 mi.
Only at the highest p-cresol concentration (0-1 M) is the resultant decrease in p-cresol sufficiently small relative to the initial concentration to make it 448 L.P.KENDAL
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unlikely that the rate of the primary oxidation is affected during the course of the experiment by the fall in substrate concentration. The uppermost curve in Fig. 7 is the curve of the expression Q = 2.5t/(45.6 + t), where Q is the homocatechol concentration in mg./ml. This expression fits the points for the experiment with 0-1OM-pcresol very well. The initial reaction velocity (t = 0) is 0-55 mg./ml./min. corresponding to a Qo2 Of 8500.
Using the homocatechol formation in the first 5 min.
for the calculation of Qo, values to represent the monophenolase activity of the enzyme in each case, the results shown in Table 2 were obtained. The pcresol concentrations are the means of the values at the beginning and at the end of the 5 min. period. The figures suggest that half the maximal reaction velocity is reached at a substrate concentration of about 0-OO1M. The rate of oxidation of ascorbic acid during the first 20 min. of this experiment was so small as to be within the range of spontaneous oxidation under these conditions in controls without enzyme, so that even the very small Qo, values active enzyme instead of to the amount of enzyme initially present. These considerations together indicate that the real increase in Qac (catecholase) must have had a more sudden onset than the figures in Table 3 suggest. Since, in the absence of 4:5-dimethylphenol, Qr2 values for the oxidation of 4:5-dimethylcatechol were found to be of the order of 40,000 at a dimethylcatechol concentration such as had been reached within less than 10 min. of the beginnitng of the experiment under discussion (Fig. 10) , the delay in the attainment of a high Qo2 must be due to the inhibitory effect of the dimethylphenol present.
The acceleration of ascorbic acid (= dimethylcatechol) oxidation is attributed to (a) the accumulation of the substrate 4:5-dimethylcatechol and (b) the removal of the inhibitory effect of the monol on the oxidation of the diol, as the relative concentration of these changes. It is most marked when the conversion of monol to diol is approaching completion and the monol/diol ratio changing rapidly to very small values. The change in this ratio is shown in the last coluni of table 3. At higher initial dimethylphenol concentrations, e.g. 0-02M, the molar ratio monol/diol remained greater than unity and the inhibitory effect of monol on the diol oxidation was maintained throughout the experiment.
The course of oxygen uptake in manometric experiments in which smaller concentrations of 4:5-dimethylphenol were used is seen in Fig. 11 . In those curves which relate to primary substrate concentrations of less than 0-002M the very slow initial uptake and subsequent rapid acceleration are strikingly evident. The initial rate is scarcely measurable, and of an order of magnitude accountable in terms of the monophenolase activity of the enzyme and the autoxidation of ascorbic acid. For a given enzyme concentration, the lower the concentration of dimethylphenol the earlier and the more sudden is the onset of the rapid phase of oxygen absorption; maximal rates with 0-0004, 0-0001 and 0-000025M-dimethylphenol are reached respectively in 80, 22 and 8 min. (Fig. 11 b) . On the other hand, at a given substrate concentration the rapid phase appears earlier, the greater the enzyme concentration; with 0-0004M-dimethylphenol, at 10-15 min. with 0-232 mg. enzyme (Fig. 11 a) , but at 70-80 min. with 0-058 mg. enzyme (Fig: lib) . This is in agreement with the interpretation already put forward, that the catecholase function of the enzyme is strongly inhibited by the monophenol, the inhibition passing off swiftly when the ratio monophenol/diphenol falls rapidly as the conversion of the one to the other approaches completion. At the higher dimethylphenol concentrations, 0-025 and 0-0062m (Fig. 11 a) , the rapid phase of oxygen uptake was not reached during the course of the experiment; the earlier experiments in which dimethylcatechol concentrations were estimated indicated that this is because the concentration of dimethylphenol remained sufficiently high in these cases to exert a strong inhibitory effect throughout the experiments. At the lowest dimethylphenol concentrations (less than 0-0004M) the rapid phase of oxygen uptake finishes before all the ascorbic acid has been oxidized (which requires 508 ,ul 02); it thus appears that in this concentration range the rate of enzyme inactivation becomes greater with diminishing substrate concentration.
Inhibition ofdiphenol oxidation bymonophenol. The inhibitory effect of 4:5-dimethylphenol on the oxidation of 4:5-dimethylcatechol was demonstrated directly in systems containing ascorbic acid, enzyme and known concentrations of the two substrates. The results of a typical experiment are shown in Fig. 12 , where the course of oxygen uptake in the first few minutes in systems containing 10-5M-dimethylcatechol and various concentrations of di- Table 4 . The estimate is based on the oxygen uptake in the first minute; but it should be remembered that with the very low monol concentrations the inhibition may already be passing off even within this short time, on account of diminishing monol concentration. Qo, values for the isolated primary oxidations were not very different (230 for 0 0025M-tyrosine, 180 for 0 005M-dimethylphenol). The oxygen uptake reached its maximal rate much more rapidly with tyrosine than with dimethylphenol, because dimethylphenol strongly inhibits the oxidation of the dimethylcatechol formed from it in the primary reaction, whereas tyrosine has no such inhibitory effect on DOPA oxidation. Again, the effect of this inhibition in accentuating and prolonging the induction phase of the oxygen-uptake curves is much more striking in the case of dimethylphenol than with phenol or p-cresol not only because the inhibition for a given monol/diol concentration ratio is more powerful, but also because the rate of diphenol formation is much slower, the relative monophenolase activities for the substrates phenol/p-cresol/dimethylphenol being 1.0/2 6/0. 1, whereas the relative catecholase activities with catechol/homocatechol/dimethylcatechol were 1.00/0.83/0.59.
Reference was made in the introduction to the conclusion of other workers that the oxidation of monophenols by tyrosinase is dependent in some way upon the simultaneous oxidation of o-diphenol by the enzyme, though not a result of secondary oxidation of monophenol by products of oxidation of diphenol. In the case of each monophenol studied in the present work, however, the rate ofthe primary oxidation to o-diphenol appears to be maximal at the very beginning of the enzyme reaction, and, when an induction period is evident before the maximal oxygen-uptake rate is reached, it is due in the main to the inhibiting effect of monophenol on diphenol oxidation. This leads inevitably to the conclusion that the presence ofo-diphenol is not in fact necessary for monopbenolase activity to be displayed. How then is the induction period observed when monophenol is oxidized in the absence of ascorbic acid to be explained? With 4:5-dimethylphenol as substrate the Qo. Of the primary reaction in the presence of ascorbic acid was found to be of the order of 300 for the enzyme used in this work. In the absence of ascorbic acid, with the same substrate, the total oxygen-uptake rate reached a value corresponding to Qo, = 620, but only after a long induction period during the earlier part of which the oxygen uptake rate was almost zero (Fig. 3) . This maximal value of 620 does not conflict with a Qo2 (monophenolase) of about 300, but the fact that the initial oxygen-uptake rate was very much smaller than that appropriate to a Q°2 of 300 points to the conclusion that in the absence of ascorbic acid the monophenolase function of the enzyme was at first relatively quiescent, and that it was activated by o-diphenol as the latter slowly accumulated. Ascorbic acid appears to bring about an almost instantaneous activation of monophenolase function and its effect in this respect is not, as other workers have supposed (Nelson & Dawson, 1944) , dependent on its favouring o-diphenol accu- 330 at 0 02m-substrate, but only 180 at 0-005M-substrate, whilst with p-cresol a value of 7200 at 001 M had fallen only to 5000 at 0 001M, suggesting that the affinity for dimethylphenol was appreciably less than for p-cresol. Thus it appears probable that the activities of the enzyme or enzyme complex in respect of monophenol and o-diphenol are located at different centres.
The optimal concentrations of the o-diphenolic substrates were 0-004M for catechol, 0-006M for homocatechol and 0-00035M for 4:5-dimethylcatechol. Two of these values agree reasonably well with the figures given by Nelson & Dawson (1944) , 0 002 and 0 0007 M for catechol and dimethylcatechol respectively. For homocatechol these authors give 0-0006M as the optimal concentration and there appears to be no obvious explanation of the discrepancy. It would be unwise to assume that these differences in optimal concentration reflect differences in enzyme-substrate affinities, in the absence of knowledge of other factors which determine the shapes of the activity-substrate concentration curves, and in particular of the reason for the falling off in activity at high substrate concentrations, which is especially marked in the case of dimethylcatechol. The relative activity towards the three o-diphenolic substrates, at the optimal concentration of each, of 1-00: 0-83: 0-59, does not differ greatly from the ratio of 1-00: 0-88: 0 74 quoted by Nelson & Dawson (1944) .
So far as the experiments which have been described show, the monophenolase and catecholase activities of tyrosinase appear to be functionally independent, except as regards the inactivation of the enzyme during the reaction. In the treatment of the data obtained in the monophenol oxidation experiments, the rate of formation of o-diphenol was taken as a measure of the amount of enzyme still in the active condition, in those experiments in which it was considered that the decline in this rate could not be attributed to the diminution in monophenol concentration. Catecholase activity, assessed in terms of oxidation rate of ascorbic acid, was then related to the amount of residual active enzyme determined in this way. The Q02 (DOPA) values thus calculated from the data of the tyrosine oxidation experiment were found to agree very well with those obtained by direct manometric studies of the oxidation of DOPA itself (Fig. 2) , and this appears to justify the calculation; but in the calculation the amount of residual active enzyme, to which the DOPA oxidation was attributed, was judged by the extent of residual monophenolase activity. This suggests that the process of inactivation affects equally both the catecholase and monophenolase functions, and, therefore, that these are properties of one and the same enzyme complex. The extent to which the data relating to the oxidation of the other monophenols conform with this view is not readily judged, because ofthe additional complicating factor of inhibition of o-diphenol oxidation by the monophenol present.
Nearly all previous experimental work on the oxidation of monophenols by tyrosinase has been carried out with the initially simpler system containing only monophenol, enzyme and buffer. The quantitative study of o-diphenol formation in such systems presents obvious difficulties on account of the pigment developed, but'it is hoped that such studies may soon be made. It is by no means certain, however, that the behaviour of the enzyme in the absence of ascorbic acid is of greater biological significance than its behaviour in the presence of this substance. Of the two sources of tyrosinase which have been chiefly used, the mushroom is stated to contain no ascorbic acid (Medical Research Council, 1945) , but the potato may contain up to 30 mg./100 g. Several authors have suggested that the o-diphenol-tyrosinase system may play a part in the economy ofplant tissues, by forming the terminal link in a respiratory chain (Boswell & Whiting, 1938;  VoI. 44 453
